Members of the myosin-I family of molecular motors are expressed in many eukaryotes, where they are involved in a multitude of critical processes. Humans express eight distinct members of the myosin-I family, making it the second largest family of myosins expressed in humans. Despite the high degree of sequence conservation in the motor and light chain-binding domains (LCBDs) of these myosins, recent studies have revealed surprising diversity of function and regulation arising from isoform-specific differences in these domains. Here we review the regulation of myosin-I function and localization by the motor and LCBDs.
Members of the myosin-I family of molecular motors are expressed in many eukaryotes, where they are involved in a multitude of critical processes. Humans express eight distinct members of the myosin-I family, making it the second largest family of myosins expressed in humans. Despite the high degree of sequence conservation in the motor and light chain-binding domains (LCBDs) of these myosins, recent studies have revealed surprising diversity of function and regulation arising from isoform-specific differences in these domains. Here we review the regulation of myosin-I function and localization by the motor and LCBDs.
Myosin-I diversity Myosin-Is are widely expressed, single-headed members of the myosin superfamily that comprise the second largest myosin family in vertebrates (eight isoforms) [1] . Myosin-Is participate in numerous crucial cellular processes related to membrane morphology and trafficking [2] [3] [4] [5] [6] [7] , pathogen response [5, 8] , tension sensing [2, [9] [10] [11] , regulation of actin dynamics [3, [12] [13] [14] [15] , and nuclear transcription [16] . For example, in vertebrates Myo1a plays roles in microvillus structure and dynamics [9, 17] , Myo1b in the formation of post-Golgi carriers [7] , Myo1c in glucose transporter type 4 (GLUT4) exocytosis [4, 18, 19] and the trafficking of cholesterol-rich membranes [5] , and Myo1e in receptor-mediated endocytosis [20] . Clearly, myosins-Is display impressive functional diversity, raising the question of how such diversity can be achieved from a single motor family.
All myosin-I isoforms have a similar structural organization, comprising a motor domain, the LCBD, and a tail domain ( Figure 1 ). The motor domain and LCBD are strongly conserved, whereas the tail domain shows more sequence divergence [21] . The motor domain binds actin and hydrolyzes ATP. The LCBD, which comprises IQ motifs that bind light chains, acts as a lever-arm, amplifying the small conformational changes that occur at the nucleotide-binding site into larger displacements as measured from the end of the LCBD. Together, these domains power motility and perform mechanical work. The myosin-I tail domain binds phospholipids and accessory proteins, enabling myosin-I to link membranes to the actin cytoskeleton. All characterized tail domains contain a positively charged lipid-binding region and a pleckstrin homology (PH) domain that mediates phospholipid specificity in some isoforms [22, 23] . Long-tailed myosin-I isoforms also contain an SH3 domain and a proline-rich region that binds actin and regulates actin dynamics (Box 1).
Much research has focused on determining how the different domains control isoform-specific subcellular localization and mechanical function. The tail domains have the most sequence divergence between isoforms, so it is not surprising that they play crucial roles in the differential targeting of the isoforms. It has been surprising to learn that the motor domain and LCBD are also important in the control and adaptability of myosin-I function. These domains not only have the remarkable ability to change myosin's motile activity and power output in response to mechanical loads, but they also have roles in directing myosin-I subcellular localization. This review focuses on the features of the motor domain and LCBD that enable them to control myosin-I function.
Control of myosin-I unloaded kinetics by the motor domain All characterized members of the myosin-I family follow a similar ATPase pathway in which myosin generates force via structural changes associated with nucleotide binding and release (Figure 2 ). Characterized myosin-I isoforms have ATPase rates that are limited by the rate of phosphate release and unloaded velocities that are limited by the rate of ADP release [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . As such, myosin-Is are low duty ratio motors (i.e., they spend most of their biochemical cycle detached from actin) in the absence of force. Despite these kinetic similarities, the rates and equilibrium constants of the transitions in the ATPase cycle vary substantially between isoforms, resulting in differences in actin gliding rates and power outputs [36] .
Sorting the characterized myosin-I isoforms by the rate of ADP release reveals that long-tailed myosin-I isoforms have faster ADP release rates than short-tailed isoforms (Figure 2b ). Isoforms can be further divided into categories that correspond to the classes set forth by Bloemink and Geeves [37] of fast movers (similar to skeletal muscle myosin-II), efficient force holders (similar to smooth muscle myosin-II), and strain sensors (similar to Myo1b). Dictyostelium myosin-IB and -ID isoforms have slow ATPase rates compared with the other long-tailed isoforms, but their rates of ADP release (and thus motility rates) are faster than those of the other isoforms [32, 33] . This leads to a low duty ratio that is optimized for fast movement, highlighting that sliding velocity and steady-state ATPase rates are not necessarily correlated. The other long-tailed myosins have higher duty ratios (although still <0.5) and slower motility rates, suggesting that they are efficient force holders. The short-tailed isoforms are slow movers with lower duty ratios, suggesting tension-sensing roles. These classifications are important for understanding myosin-I isoforms, but as discussed below, it is not possible to extrapolate tension-sensing capabilities solely from an analysis of the kinetics.
The ATPase activities and cellular localization of myosin-I isoforms from lower eukaryotes are regulated by phosphorylation of a residue near the actin-binding interface called the TEDS site [38] . In most myosins, this site is occupied by a negatively charged aspartate or glutamate residue, whereas in lower eukaryote myosin-Is (and 
Box 1. Myosin-I tail domain
The myosin-I tail domain has a crucial role in controlling myosin-I subcellular localization and function (for review, see [81] ). It is divided into three tail homology (TH) subdomains based on sequence motifs that have been termed TH1, TH2, and TH3. Long-tailed isoforms contain all three subdomains, whereas short-tailed isoforms contain only TH1. TH1. A key feature of myosin-I isoforms is their ability to bind membranes directly via the interaction of positively charged regions in TH1 with anionic phospholipids. All characterized myosin-I isoforms can nonspecifically bind phospholipids via delocalized electrostatic interactions [82] [83] [84] . Some isoforms bind with high affinity to polyphosphoinositides [6, 22, 23, 85 ] through a pleckstrin homology (PH) domain in TH1. The PH domain is necessary for the proper membrane localization of Myo1b [86] , Myo1c [22] , Myo1f, and Myo1g [11, 87] ; however, phosphoinositide binding does not appear to be necessary for membrane association of Myo1a [84] , Myo1e [83] , or Acanthamoeba myosin-IC [88] .
Several TH1-binding proteins have been identified in vertebrate isoforms. These include sucrase-isomaltase [89] , nuclear factor kappa B essential modulator [90] , NEPH-1 [91] , PHR1 [92] , RalA [19] , and Rictor [15] . New experiments have also suggested that the TH1 region of vertebrate Myo1c binds directly to G-actin, but not F-actin [13] .
TH2. The TH2 region in lower eukaryotes is enriched in glycine, proline, and either alanine or glutamine residues and has been shown in some isoforms to be an ATP-insensitive actin filament-binding site [82] . This secondary actin-binding site allows myosin-I to act as an actin crosslinking protein. Interestingly, a Dictyostelium myosin-I isoform was shown to bind to microtubules via a TH1-TH2 interaction [93] . The TH2 region in vertebrate isoforms contains a short stretch of proline and lysine or glutamine dipeptide repeats that has been shown to be important for recruitment of myosin-I to endocytic structures [3, 20] TH3: The TH3 region is a src homology-3 (SH3) domain that lies at the C terminus of the protein or within the TH2 domain. Several proteins have been found to bind TH3 directly. Notably, Xu et al. discovered the first protein to bind this region [94] , named CARMIL for its ability to function as a capping protein, Arp2/3, and myosin-I linker [95] . Subsequent experiments have identified additional binding partners including dynamin, verprolin, synaptojanin, and possibly N-WASP and verprolin family members WIP and WIRE [3, 12, 20] . Clearly, these proteins point to an important role for long-tailed myosins in the regulation of actin dynamics and endocytosis.
vertebrate myosin-VI [38] ), this site contains a phosphorylatable threonine or serine residue. The TEDS residue is phosphorylated by p21-activated kinase family members [38] , which in Acanthamoeba results in activation of the actin-activated ATPase activity by increasing the rate of phosphate release [28] . Phosphorylation of the TEDS site does not appear to affect any other rate constants of the ATPase cycle, although it may increase the actin affinity in some myosin-I isoforms [33] . In both the phosphorylated and dephosphorylated states, phosphate release remains the rate-limiting step for the ATPase cycle and thus the myosin remains a low duty ratio motor.
Myosin-Is from higher eukaryotes do not require TEDS phosphorylation because they have an aspartate or a glutamate at this site, highlighting the importance of the negative charge at this region for activity. Substitution of the TEDS residue in Acanthamoeba and Dictyostelium myosin-Is [39] with a negatively charged residue that mimics phosphorylation activates the ATPase activity.
Control of motor activity and power output
The motile activities of myosin-I isoforms are modulated by force; that is, myosin-I motors dynamically adjust their sliding rates to forces opposing or assisting the movement of the LCBD. This force-dependent effect on contraction was first observed in muscle tissue in the early 1900s. Even those not familiar with the details of muscle physiology intuitively know that muscles contract faster when working against low loads than when moving heavy objects and that you burn more calories per unit time doing cardiovascular exercises (i.e., aerobic exercises) than strength training. The slowing of muscle contraction with force is due to force slowing the rates of transitions in the ATPase cycle. These force-dependent effects are an inherent property of all myosins. New studies show that the magnitude and mechanisms of force sensing vary substantially between myosin-I isoforms [34, [40] [41] [42] . This point is significant for understanding the molecular roles of myosin-Is, because the expected mechanical properties of a tension-sensing anchor and a transporter (two possible roles for myosin-Is) are quite different; whereas a tension-sensing anchor would be expected to have a low power output that is non-zero over a narrow range of forces, a transporter would be expected to be able to perform work over a range of forces.
The most dramatic effect of force on myosin behavior is seen with the vertebrate Myo1b isoform [40] . Myo1b is expressed in the liver, testes, lungs, kidneys, brain, heart, [24] [25] [26] 28, 29, [32] [33] [34] 48, 57] . All rates are reported at 20-25 8C unless otherwise noted. The myosin isoforms are ordered by ADP release rate (fastest to slowest) and the rates of ATP isomerization (step-2), phosphate (P i ) release (step-6), and ADP release (step-6) are depicted by colors on a logarithmic scale. The asterisk denotes a rate that was assumed based on the motility rate rather than a direct measurement. For all of the myosin-I isoforms, P i release is the ratelimiting step of the ATPase cycle, meaning that all of the isoforms are low duty ratio motors (i.e., they spend most of their biochemical cycle detached from actin). The rate of the isomerization following ATP binding (i.e., the maximal rate of ATP binding at saturating ATP concentrations) is fast for all of the isoforms. The rate of ADP release, the transition that sets the motility rate, is quite diverse within the myosin-I family (varying from >200 s -1 for Dictyostelium myosin-IB to 1.6 s -1 for vertebrate Myo1b. Note that although the rate of ADP release is faster for long-tailed isoforms than for short-tailed isoforms, the rate of P i release varies greatly and does not necessarily correlate with the tail length.
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and intestines [43] . The MYO1B gene transcript is alternatively spliced in the region encoding the LCBD, resulting in isoforms with different lever arm lengths that contain six (Myo1b a ), five (Myo1b b ), or four (Myo1b c ) IQ motifs that bind calmodulin with various affinities. Myo1b is enriched at the plasma membrane and has been associated with trafficking of endocytic vesicles and the formation of postGolgi carriers [7] .
The force dependence of Myo1b a was recently probed [41] using single-molecule techniques [44] . Specifically, optical tweezers were used to measure the kinetics of actomyosin detachment as a function of force. Strikingly, the rate of actomyosin detachment (which is directly proportional to the motility rate) is strongly sensitive to forces that oppose the working stroke (Figure 3b ). The effect of force on a reaction rate can be modeled using the Bell equation [45] :
where k 0 is the reaction rate in the absence of force, F is the force on the molecule, k B is Boltzman's constant, T is the temperature, and d is the distance to the transition state, also known as the distance parameter. A larger distance parameter corresponds to a more force-sensitive transition. The actomyosin detachment rate of Myo1b a is extraordinarily force sensitive with a distance parameter of 18 nm, which is far larger than the distance parameter measured for any other myosin [46, 47] (Figure 3) . At >0.5 pN of force, the rate of ADP release slows to the point that it becomes the rate-limiting transition in the ATPase cycle and Myo1b a becomes a high duty ratio motor [40, 41] . With just 1 pN of force, the average attachment lifetime exceeds 50 s, meaning that the myosin remains attached to actin for an extended period of time. Moreover, the power output of Myo1b a is low and non-zero over a very small range of forces. Taken together, these results clearly demonstrate that Myo1b has not evolved to play a role in rapid transport processes, but rather it acts as a tension-sensing anchor protein. Therefore, the application of force provides a mechanism for regulating the anchoring activities of Myo1b, which may be consistent with its proposed role in pulling membranes to create post-Golgi carriers [7] .
The response of the widely expressed vertebrate myosin-I isoform Myo1c to force is substantially different from that of Myo1b [34] . This result was surprising, because Myo1b and Myo1c have similar unloaded ATPase kinetics [26, 48] . Myo1c has been associated with several important cellular processes, including endocytosis [14] , exocytosis [5] (including insulin-stimulated GLUT4 translocation to the cell membrane) [18, 19] , membrane ruffling [49] , transcription of DNA in the nucleus [16] , and mechanosensation in sensory hair cells [30, 50, 51] . Like Myo1b, it is a low duty ratio motor (i.e., phosphate release limits the overall ATPase cycle) with slow motility that is limited by the rate of ADP release in the absence of force (Figure 2b ) [30, 48, 50] . In contrast to Myo1b, single-molecule measurements revealed that the actin-attachment durations of Myo1c are largely independent of forces <1pN and that 
TRENDS in Cell Biology the values for the working stroke, detachment rate, and distance parameters determined using the optical trap [34, 41, 42] . Whereas the velocity of Myo1b a is highly sensitive to forces <1 pN, the velocity of Myo1c is sensitive only to forces >1 pN. Moreover, the force sensitivity of Myo1b a is far greater than the force sensitivity of Myo1c. (c) The calculated duty ratio and power output of Myo1b a and Myo1c as a function of force based on the values of parameters measured using an optical trap [34, 40] . Myo1b a becomes a high duty ratio motor with >0.5 pN of force, whereas Myo1c remains a low duty ratio motor until $2.5 pN of force. Whereas Myo1b a undergoes transformation to a high duty ratio motor over a narrow range of forces, Myo1c undergoes the transformation over a broader range of forces. Note that the power output of Myo1b a is very low and non-zero only over a narrow range of forces, consistent with the expected properties of a tension-sensitive anchor. The power output of Myo1c is higher over a broad range of forces, consistent with the expected properties of a transporter. Taken together, these data suggest that, despite their similar kinetics, the molecular roles of Myo1b a and Myo1c are likely to be quite different. force-sensitive detachment occurs only at forces >1pN ( Figure 3b ). The distance parameter for Myo1c (d = 5.2 nm) is larger than that of other myosins [46, 47] , but still lower than that of Myo1b. Also, Myo1c does not become a high duty ratio motor until the load exceeds approximately 2.5 pN. Plotting the average power output of Myo1c as a function of force (Figure 3c) shows that Myo1c is able to generate power over a range of forces, more similar to smooth muscle myosin-II than Myo1b. Based on these results, it appears that Myo1c has evolved to be a slow transporter, capable of generating power over a range of loads, and not a tension-sensitive anchor like Myo1b [18] . Interestingly, the primary force-sensitive transition in Myo1c is the isomerization following ATP binding, not ADP release as in Myo1b.
It was proposed that short-tailed myosin-I isoforms are tension sensors, whereas long-tailed isoforms are built for fast motility [37] . This assumption has yet to be tested rigorously; however, the diversity of tension-sensing behaviors, even within the short-tailed family members, indicates that mechanical experiments are needed to draw conclusions about the mechanochemistry of different myosin-I isoforms and their respective molecular roles in the cell.
LCBD control of motor activity
The LCBD comprises IQ motifs, a-helical sequences of approximately 23 amino acids that bind calmodulin and calmodulin-like proteins. Calmodulin binding to IQ motifs is likely to provide mechanical stiffness to the LCBD, allowing it to act as the motor's lever arm [52] . The size of the working stroke and the motility rate are linearly related to the LCBD length [53] . The force-sensitive kinetic transitions of some myosins are coupled to lever arm rotation [40, 46, 47, 54] , so myosins with longer lever arms are expected to be more force sensitive (as Archimedes said, 'Give me a lever long enough and a fulcrum on which to place it, and I shall move the world'). This idea was tested directly with Myo1b splice isoforms [41] . As described above, the MYO1B gene transcript is alternatively spliced in the LCBD, resulting in isoforms with identical motor and tail domains but LCBDs of differing length. Single-molecule techniques were used to examine the force sensitivity of the splice isoforms and these experiments showed that force affects the lifetime of myosin-Is with longer LCBDs more strongly. In fact, there is a linear relationship between LCBD length and the distance parameter, with the force sensitivity of Myo1b a (six IQs) > Myo1b b (five IQs) >Myo1b c (four IQs) (Figure 4a ). These results show that alternative splicing of the LCBD provides a mechanism for controlling force sensitivity. This is important because expression of different Myo1b isoforms could lead to different anchoring behaviors and power outputs for different force regimes. It is not currently known how changes in splicing are related to the molecular role of the myosin in vivo; however, the alternatively spliced MYO1B transcripts have been shown to be differentially expressed in rat tissues [43, 49] and changes in the measured using an optical trap [42] . As can be seen, the addition of calcium causes a dramatic decrease in the attachment lifetime at 1 pN. Right: Model showing the effects of calcium on Myo1b lever arm rotation. In the absence of calcium, conformational changes in the motor domain cause the LCBD to generate a 13-nm working stroke. In the presence of calcium, the effective length of the lever arm and the force sensitivity of Myo1b are both reduced due to structural changes in the LCBD domain.
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presence of transcripts were shown to accompany epithelial to mesenchymal transitions in human cells [55] . It is possible that different isoforms with different anchoring thresholds may be expressed in response to mechanical changes in the intracellular or extracellular environment. Calcium regulates the activity of some vertebrate myosin-I isoforms via interaction with LCBD-bound light chains, such as calmodulin. Calmodulin is a ubiquitously expressed calcium-binding protein that binds to IQ motifs, stiffening the LCBD. Calcium binds directly to calmodulin and affects the actin-activated ATPase activities of the some myosin-I motors [30, 42, 50, 56, 57] . For example, micromolar calcium concentrations increase the unloaded cycling kinetics of Myo1b [42, 56] , increasing rates of phosphate release, ADP release, and ATP binding two-to threefold while not affecting the rate of ATP hydrolysis. The Myo1b duty ratio in the absence of load is largely unaffected by calcium, whereas motility is completely inhibited in vitro (see below). Calcium affects vertebrate Myo1c differently because it increases the rate of ADP release and decreases the rate of ATP hydrolysis, resulting in ATP hydrolysis becoming the rate-limiting step for the ATPase cycle [50] . Thus, the effective duty ratio of Myo1c is reduced in the presence of calcium. Nevertheless, like Myo1b, calcium inhibits Myo1c driven actin-gliding in vitro. Calcium also reduces the steady-state ATPase activity of vertebrate Myo1e due to catalytic autoinhibition by the tail domain [58] . Thus, the effects of calcium on myosin-I unloaded kinetics appear to be quite diverse.
Aside from modulating unloaded kinetics, calcium also affects the mechanical properties of some myosin-I isoforms. As stated above, the kinetic rate constants that control the Myo1b ATPase cycle are increased with calcium, whereas its ability to power actin gliding in vitro is inhibited [56] . This seemingly contradictory result suggests that calcium uncouples myosin ATPase kinetics from LCBD rotation. In Myo1b, calcium binding to the calmodulin closest to the motor domain causes a conformational change in the calmodulin, altering the ability of the LCBD to act as a lever arm. Recent experiments with Myo1b showed a reduction in the size of the working stroke in the presence of 9 mM free calcium [42] . Moreover, the duration of actin-binding events in the absence of force was shortened in the presence of calcium, consistent with the kinetic experiments showing acceleration of Myo1b kinetics with calcium. Calcium also causes a dramatic reduction in the force sensitivity of Myo1b (Figure 4b ). In the absence of calcium, 1 pN of resisting force leads to an average attachment lifetime of >50 s for Myo1b a , whereas in the presence of 9 mM calcium the average attachment lifetime at the same force is only 3 s. Thus, calcium regulation of tension sensing provides a potential mechanism for regulating long-lived binding events. For example, if Myo1b is pulling a membrane tether or tethering a vesicle, it is possible that fluctuations in calcium near the cell periphery during a calcium transient could cause the release of the tethered membrane.
The mechanical response of Myo1c to calcium appears to be different from that of Myo1b. In particular, calcium has been reported to cause an increase in the size of the Myo1c working stroke [30] . The cellular significance of this result is unclear because, as cellular calcium concentrations increase, free calmodulin concentrations decrease to a point where motility would be expected to be inhibited [59] . Nevertheless, the mechanism for these isoform differences is not clear and further studies are necessary to determine how calcium affects other myosin-I isoforms. It is worth noting that, in some myosin-I isoforms, the ADP release rate is affected by the free magnesium concentration due to changes of nucleotide affinity at the active site. Thus, motility rates may be affected by changes in intracellular magnesium concentration [33] .
Motor domain and LCBD control of localization Given the presumed role of the myosin-I tail as the cargobinding region, it was surprising to learn that the proper subcellular localization of some myosin-I isoforms requires not only the tail domain, but also the motor domain [60] . In fact, actin helps to concentrate myosin-I to specific regions within the cell, whereas tropomyosin-decorated actin filaments appear to exclude myosin-I binding in vivo [60, 61] ( Figure 5) . Recent work has shown that in yeast, myosin-I is preferentially localized to the cell cortex where there is no tropomyosin, while myosin-V localizes to tropomyosincontaining actin cables and myosin-II localizes to the stress fibers and actin cables [61] . In fact, in vitro experiments Figure 5 . Cartoon showing how tropomyosin causes segregation of different myosins to different actin populations. Myosin-I is unable to interact with tropomyosindecorated actin filaments, so it localizes to the dynamic, tropomyosin-free actin filaments at the cell periphery. Tropomyosin increases the binding of myosin-V, causing myosin-V to segregate to tropomyosin-decorated actin cables. Myosin-II forms filamentous structures that localize to tropomyosin-decorated actin filaments in stress fibers and actin cables. Tropomyosin thus provides a mechanism for regulating the cellular localization of different myosins. This regulation is likely to be mediated by kinetic tuning of the myosin-I motor domain.
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have shown that yeast myosin-V (Myo2p) is a processive motor only on tropomyosin-decorated actin filaments [62] . Thus, the interaction of myosin with tropomyosin-decorated actin appears to depend on the specific myosin isoform. This result is important, because it demonstrates how myosins (all of which bind actin) can be segregated to particular actin pools in the cell based on the motor domain.
Interestingly, the ability of tropomyosin to regulate myosin-I appears to depend on the tropomyosin isoform. Indirect in vivo evidence suggests that the high molecular weight tropomyosin isoform Tm3 excludes myosin-I binding, whereas the low molecular weight isoform Tm5 has little effect on myosin-I localization [63] . Moreover, whereas non-muscle Xenopus tropomyosin Tm4 stimulates the ATPase activity of cardiac muscle myosin-II, it inhibits the activity of myosin-I in vitro [64] . These results suggest that different myosin isoforms are kinetically tuned to respond to different tropomyosins. It was recently suggested that a long surface loop of myosin-I (loop 4) located at the actinbinding site might sterically clash with tropomyosin, preventing strong binding to actin [65] . This suggestion was tested by experiments in which loop 4 of myosin-I was exchanged with the shorter loop 4 from Dictyostelium myosin-II. This chimera could interact with tropomyosin-decorated actin in the in vitro motility assay (although it did not localize to tropomyosin-decorated filaments in vivo) [66] . Despite these studies, the mechanism by which tropomyosin regulates myosin-I activity remains unclear. It is possible that tropomyosin affects the kinetic transition that regulates the ability of myosin to bind strongly to actin [67] . Moreover, different tropomyosin isoforms appear to lie in different azimuthal positions along the actin filament depending on both the tropomyosin and the actin isoform, providing another possible explanation for why myosin-I may interact differently with different tropomyosins. Interestingly, the TEDS site is in close proximity to both loop 4 and the tropomyosin-binding interface on actin. Similar to TEDS phosphorylation [68] , tropomyosin regulates the weak-to-strong transition in striated muscle. It is intriguing to speculate that these mechanisms are linked, wherein the TEDS loop might be sterically regulated by tropomyosin.
There have been some cell biology experiments showing that TEDS phosphorylation is important in vivo [39, 69] . It has been shown that TEDS phosphorylation is necessary for proper cellular localization of myosin-I in Schizosaccharomyces pombe [39] and Candida albicans [70] , but not in Dictyostelium [71] . When active, yeast myosin-I has been associated with both stimulating Arp2/3-mediated polymerization of cortical actin patches and regulating fluidphase endocytosis. Moreover, TEDS phosphorylation appears to be necessary for regulating membrane internalization during endocytosis [39, 72] . Future studies are needed to increase understanding of these mechanisms and how they regulate cellular localization.
Interestingly, the LCBD domain may also play a role in directing the cellular localization of myosin-I. The LCBD appears to play a role in the subcellular localization of Myo1c in some cell types [73] , indicating that light chains may have a role in myosin-I targeting. Myosin-I isoforms from lower eukaryotes copurify with calmodulin-like proteins (e.g., [74, 75] ) rather than calmodulin. Additionally, vertebrate Myo1c has been shown to bind calcium-bindingprotein-1 (CaBP1) and calcium-and integrin-binding-protein-1 (CIB1) [76] . In the case of CaBP1 and CIB1, these proteins are myristoylated, providing an additional potential mechanism for localizing Myo1c in a calcium-dependent manner. It is also worth noting that the heavy chain of vertebrate Myo1c can be phosphorylated at a residue near the calmodulin-binding site, providing another possible mechanism for regulating light-chain binding [4] . Whether the different light chains affect the mechanics and/or calcium-binding properties of the LCBD is an outstanding question.
Concluding remarks
Our understanding of myosin-I regulation has grown dramatically in the past few years. Despite structural and kinetic similarities between myosin-I isoforms, there is great diversity of function imparted by the motor domain and LCBD and further characterization of myosin-I family members may reveal additional regulatory mechanisms (Box 2). How this diversity is manifested in vivo is unclear. Experiments in both lower [77] and higher eukaryotes [78] have shown that deletion of one myosin-I isoform can lead to redistribution of other myosin-Is to compensate for the loss. Although this redistribution does not completely rescue the wild type phenotype, it strongly suggests that certain myosin-Is are able to compensate for other isoforms. Investigation of the mechanical and kinetic properties of other myosin-I family members is likely to shed light on these results. Future studies will help to increase our understanding of myosin-I, possibly illuminating the evolutionary imperatives that resulted in the retention of eight distinct myosin-I family members in humans. 
